In this study we determined the rate of growth of juvenile Florida stone crabs (Menippe mercenaria Say, 1818) reared in the laboratory. We monitored carapace width and intermolt duration through the first 12 juvenile molts. Because all experimental crabs had been reared from eggs in the laboratory, we knew the exact age and molt dates for each individual. Mean carapace width of 1st stage juveniles was 2.0 6 0.2 mm. Juveniles reached the 13th juvenile stage (15.9 6 2.1 mm) in a mean of 297.6 6 32.7 d. The rate of growth in carapace width fit a linear model and was similar in pattern to that reported for juveniles of other brachyuran species.
INTRODUCTION
Increase in the linear dimensions of crabs is a discontinuous process that only occurs during ecdysis. The old carapace is cast off, and the subsequent absorption of water by the underlying tissues results in an increase in size. Growth rate is dependent on size increment per molt and duration of the intermolt period. In many crustaceans there is an increase in intermolt duration with age, and this may be accompanied by a reduction in percent growth per molt (Hartnoll, 1982) .
In commercially important species like the Florida stone crab, Menippe mercenaria (Say, 1818) , quantitative determination of growth rates is essential for effective management. The Florida stone crab ranges from North Carolina to Florida and throughout the Caribbean, with 99% of U.S. landings supplied by the Florida fishery (Muller et al., 2006) . The fishery harvests only the claws, with a minimum legal claw size (propodus length) of 70 mm. Stone crabs available to the fishery have a corresponding minimum carapace width that ranges from about 76 mm for males to 88 mm for females (McMillen-Jackson et al., 2006) , and the ability to predict the time to reach fishable size is important for analyzing stock dynamics.
While the stone crab has been the subject of previous laboratory-based growth studies, each of these investigations was limited by one or more problems related to small sample size, poorly controlled ambient conditions, or data extrapolated from a single molt interval (Savage and McMahan, 1968; Savage and Sullivan, 1978; Restrepo, 1989; Tweedale et al., 1993) . This has resulted in a wide range of growth estimates. In the present study, we focused on growth of early juvenile stages and designed the investigation to address the problems mentioned above. In this work, we monitored the growth of individual stone crabs starting at the first juvenile stage so that molt increment and intermolt duration could be determined explicitly for each succeeding stage. Because all experimental crabs had been reared from eggs in the laboratory, we knew the exact age (days-after-metamorphosis) and molt dates for each individual. With this information in hand, we were able to provide a detailed account of growth from metamorphosis to the thirteenth juvenile stage.
MATERIALS AND METHODS
Ovigerous stone crabs were collected from Sebastian Inlet on the east coast of Florida (27u51.49N, 80u26.59W) in the summers of 2006 and 2007. Newly collected crabs were transported to our laboratory at the University of Delaware via overnight air freight, placed in large communal tanks under controlled environmental conditions (14 h light:10 h dark; 27uC; 35%), and fed a diet of fish and bivalve mollusks. Once the egg mass turned dark brown, indicating imminent hatching, each crab was removed and placed in a solitary aquarium until larvae were released. Larvae were reared using standard techniques under controlled conditions (see above) and fed a daily ration of brine shrimp nauplii, Artemia sp. (Leach, 1919 ) (Welch and Epifanio, 1995; Krimsky and Epifanio, 2008) .
Upon metamorphosis to the first juvenile stage, crabs were placed in filtered seawater (0.5 mm) for continued rearing through subsequent juvenile stages. Juveniles were isolated in 100-ml wells in compartmentalized plastic containers where each compartment housed a single individual. Larger crabs were moved to individual 200-ml glass bowls. Crabs were fed at least three times a week followed by a water change, and individuals were checked daily for molting. Carapace width was measured with a digital caliper a minimum of 3 days after ecdysis to ensure carapace hardness. Diet was dependent on the size of the crabs and included brine shrimp nauplii, commercial fish-food pellets, frozen krill, and fresh bivalve tissue. Ration was always in excess of what the crabs could eat. Statistical analysis was based on a total of 1653 measurements of carapace width from 219 individual crabs. Growth relationships were analyzed using linear regression statistics. All statistical inference was made at a 5 0.05.
RESULTS AND DISCUSSION
Mean carapace width of newly metamorphosed juveniles was 2.0 6 0.2 mm (Table 1) . We monitored growth through 12 subsequent stages, which required a mean of approximately 300 d. By the 13th juvenile stage, crabs had reached a mean carapace width of approximately 16 mm. Percent increase in carapace width was nearly 30% during the first juvenile molt, but fell to around 23% at the subsequent molt. Percentage growth per molt continued to decline slowly though the following juvenile stages. JOURNAL OF CRUSTACEAN BIOLOGY, 30(2): 336-338, 2010 Intermolt period also increased as the crabs increased in size.
Results of regression analysis showed that growth in carapace width was a linear function of time (P , 0.001; r 2 5 0.91; Fig. 1 ). The corresponding growth equation was
C~0:05 Tz2:25
where C 5 carapace (mm) and T 5 time (days).
Peak stone crab spawning in Florida waters occurs from May through September (Lindberg and Marshall, 1984) , and duration of larval development is approximately 30 days at summer temperatures (Ong and Costlow, 1970; Mootz and Epifanio, 1974; Brown et al., 1992) . As a result, juvenile stone crabs typically experience high summer water temperatures that range from approximately 28-32uC throughout south Florida (Lewis and Estevez, 1988; Schomer and Drew, 1982; Brown and Bert, 1993; Paperno et al., 2001 ). In our study, stone crabs were kept at a constant 27uC throughout the experiment. Therefore, juveniles in our investigation experienced slightly lower water temperatures than they probably would in Florida summers. In contrast, our laboratory juveniles were exposed to somewhat higher winter temperatures than wild juveniles in south Florida. Thus, our crabs may have grown slightly slower than wild crabs in the summer and slightly faster in the winter (Tagatz, 1968; Simonson, 1985; Tunberg and Creswell, 1991; Brown et al., 1992) .
For any commercially important species, the ability to predict age at entry into the fishery is pivotal for effective management. Linear growth in carapace width has been documented previously for several other species of brachyuran crab, with concomitant attempts to predict time to maturity (Tagatz, 1968; Van Heukelem et al., 1983; Dittel and Epifanio, 1984; Epifanio et al., 1998) . Extrapolation of linear growth beyond the juvenile stages of M. mercenaria has been presented in a separate venue (Krimsky, 2008) . That analysis indicated that stone crabs can reach harvestable size for male crabs (76 mm carapace (Gerhart and Bert, 2008) . The gender-related difference in age at entry into the fishery emanates from different allometric relationships between carapace width and size of claws in males and females and may explain the disparity in estimated time to fishable size. At approximately 9 mm, stone crab gender can be determined by examining pleopod development (Savage and McMahan, 1968) . However, this type of examination would likely have resulted in injury to the juveniles; accordingly our study did not include differentiation of gender. Hence, a simple linear extrapolation of our juvenile growth data appears insufficient to predict time to entering the fishery. Nevertheless, laboratory investigations like ours can provide explicit data for juvenile growth parameters that are not available by any other means. Our study is the first to provide data for size-at-age of the early juvenile stages of M. mercenaria, and the investigation uniquely combined a large sample size (total n 5 219 crabs and 1653 data measurements) and long study duration (. 300 d). The linear pattern of carapace growth was consistent with that observed for other brachyuran crabs. Overall, our study provides strong support for the argument that carapace growth in juvenile stone crabs is best described by a linear model.
